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T h i s  p a p e r  is a p r e s e n t a t i o n  o f  the  c a s e  for the i m m e d i a t e  
c o n s t r u c t i o n  of a c o m m e r c i a l  s i z e  p l a n t  f o r  the p r o d u c t i o n  of h y d r o g e n  
from c o a l  and  n u c l e a r  e n e r g y .  Hydrogen is the i d e a l  s o u r c e  o f  e n e r g y  
for  s p a c e  h e a t i n g  a n d  f o r  electric power. S i n c e  h y d r o g e n  b u r n s  to  
w a t e r ,  power s o u r c e s  u s i n g  t h i s  f u e l  w i l l  n o t  p o l l u t e  t he  a t m o s p h e r e .  
T h e r e  a r e  i m p o r t a n t  s a v i n g s  when e n e r g y  is t r a n s m i t t e d  a s  h y d r o g e n  
r a t h e r  t h a n  a s  e lec t r ic  c u r r e n t .  A s t a n d a r d  c u b i c  foot o f  hydrogen  
c o n t a i n s  more e n e r g y  t h a n  a n  e q u a l  volume of other g a s e o u s  f u e l s .  The  
cost of t r a n s m i t t i n g  h y d r o g e n  b y  p i p e  l i n e  w i l l  be l o w ,  i n  p a r t  due  t o  
the a v a i l a b i l i t y  o f  i n s t r u m e n t s  which c a n  q u i c k l y  d e t e c t  i n f i n i t e s i m a l  
amoun t s  of l e a k i n g  g a s .  It is p o s s i b l e  to  e c o n o m i c a l l y  s h i p  h y d r o g e n  
b y  pipe l i n e  f o r  a t  l e a s t  a t h o u s a n d  m i l e s .  

A l t h o  e l e c t r i c i t y  c a n  be t r a n s m i t t e d  over h igh  v o l t a g e  l i n e s  f o r  
a b o u t  500 m i l e s ,  the e n e r g y  losses i n  t r a n s m i s s i o n  a r e  s u b s t a n t i a l .  
Hydrogen w i l l  a l s o  be p r e f e r r e d  b y  e n v i r o n m e n t a l i s t s  when compared to  
electric power.  Hydrogen p i p e  l i n e s  w i l l  b e  u n d e r g r o u n d ,  and  f a r m i n g  
o p e r a t i o n s  c a n  be c a r r i e d  o u t  over them. On the other hand  h i g h  
v o l t a g e  power l i n e s  a r e  u n s i g h t l y  a n d  c a u s e  many d i f f i c u l t i e s  t o  
f a m i l i e s  who live n e a r  t h e m .  

The i d e a l  e lectr ic  power s u p p l y  w i l l  b e  a h y d r o g e n  a i r  f u e l  c e l l  
s y s t e m .  (1) The D .  C .  power p r o d u c e d  w i l l  be t r a n s m i t t e d  t h r o u g h  
sodium f i l l e d  p l a s t i c  t u b e s .  T h e s e  power c o n d u c t o r s  c a n  be l o c a t e d  
u n d e r g r o u n d .  S i n c e  the e l e c t r i c i t y  w i l l  be p r o d u c e d  close t o  the 
e lectr ic  power c o n s u m e r ,  t r a n s m i s s i o n  l i n e  losses w i l l  be s m a l l .  
R e p l a c i n g  copper c o n d u c t o r s  w i t h  s o d i u m  c o n d u c t o r s  w i l l  r e s u l t  i n  
s u b s t a n t i a l  c a p i t a l  cost s a v i n g s .  

Hydrogen  is now u s e d  t o  make ammonia and  a c h e a p e r  s o u r c e  o f  
h y d r o g e n  is n e c e s s a r y  before it c a n  be u s e d  t o  make e l e c t r i c i t y .  
The c o o p r a t i v e  a c t i o n  o f  t w o  s o u r c e s  o f  e n e r g y  is n e c e s s a r y  f o r  t h e  
p r o d u c t i o n  of c h e a p  h y d r o g e n .  T h e s e  t w o  s o u r c e s  are l a s e r  i n d u c e d  
n u c l e a r  f u s i o n  and b i t u m i n o u s  c o a l .  The f u s i o n  e n e r g y  p l a n t  d e s i g n  
is t o  be b a s e d  on  a Lawrence  L i v e r m o r e  l a b o r a t o r i e s  1000 megawa t t  
power p l a n t .  ( 2 )  The coal e n e r g y  p l a n t  d e s i g n  f o l l o w s  U . S .  S t e e l ' s  

and  c l e a n  c h a r  from U.S. S t e e l ' s  p r o c e s s  a r e  the p r i n c i p a l  raw 
m a t e r i a l s  f o r  the p r o d u c t i o n  of c h e a p  h y d r o g e n .  

1 Clean-Char  p r o c e s s .  ( 3 )  F i g u r e  1. S team p l u s  the c l e a n  f u e l  g a s  

P h o t o c h e m i c a l  e n e r g y  for the e n d o t h e r m i c  c a r b o n  s t e a m  r e a c t i o n  
is t o  be o b t a i n e d  from micro H bomb e x p l o s i o n s .  The r a d i a n t  e n e r g y  
f r o m  the micro H bomb is to  be a b s o r b e d  b y  a s t e a m  f o g g e d  m i x t u r e  o f  
b a r i u m  h y d r o x i d e  and c h a r  a s  shown i n  F i g u r e  2 .  The overa l l  p r o c e s s  
e q u a t i o n  is 

BaO + C + 2 H 2 0  4 BaC03 + 2H2. 1) 
E q u a t i o n  1)  is s i m i l a r  t o  the  C 0 2  a c c e p t o r  p r o c e s s  (4). e x c e p t  t h a t  
BaO is s u b s t i t u t e d  f o r  C a O .  U s i n g  b a r i u m  i n s t e a d  o f  c a l c i u m  w i l l  
a l low c o m p l e t e  a b s o r p t i o n  of the f u s i o n  e n e r g y .  The r e a c t i o n  chamber  
w i l l  need to b e  large e n o u g h  t o  absorb the x - r a y s  p r o d u c e d  b y  the 
micro H bomb gamma r a y s .  I n  a q u e o u s  e n v i r o n m e n t s  t he  p r i n c i p a l  e n d  
r e s u l t s  of x - r a y  a b s o r p t i o n  is r u p t u r e  of h y d r o g e n  oxygen  b o n d s .  



T h i s  p h o t o c h e m i c a l  p r o c e s s  c a n  be r e g a r d e d  a s  a f i r s t  o r d e r  r e a c t i o n  
w i t h  r e s u l t i n g  h i g h  e f f i c i e n c y  and  l o w  cost .  

A s  s h o w n  i n  F i g u r e  3 the  raw m a t e r i a l s  f o r  t h e  m i c r o  H bomb a r e  
d e u t e r i u m ,  t r i t ium and  h e l i u m - 3 .  T r i t i u m  and h e l i u m - 3  can  be r e c o v e r e d  
f rom the m i c r o  H bomb e x p l o s i o n  o u t  g a s e s .  A l t h o  d e u t e r i u m  can  be 
p u r c h a s e d  it w i l l  p r o b a b l y  be m a n u f a c t u r e d  on si te f rom r i v e r  w a t e r  
a n d  e n e r g y  d e r i v e d  f r o m  b u r n i n g  c o a l .  The b y - p r o d u c t  f rom t h e  micro 
H bomb e x p l o s i o n  is H e l i u m - 4 .  I t  c a n  be s e p a r a t e d  from the e x p l o s i o n  
out g a s e s  b y  p a s s a g e  t h r o u g h  a n  u l t r a  c e n t r i f u g e .  

The cost o f  t h e  h y d r o g e n  p r o d u c e d  c a n  b e  s u b s t a n t i a l l y  r educed  
b y  the s a l e  of b y - p r o d u c t s  f rom U.S. S t e e l ' s  C l e a n  Char  p r o c e s s .  ( 3 )  
A w ide  v a r i e t y  o f  b y - p r o d u c t s  b a s e d  o n  compounds d e r i v e d  f rom c a r b o n ,  
n i t r o g e n  or s u l f u r  a r e  a v a i l a b l e .  T h e r e  s h o u l d  be s u f f i c i e n t  f l e x i -  
b i l i t y  i n  the h y d r o g e n  m a n u f a c t u r i n g  p r o c e s s e s ,  so t h a t  the b y - p r o d u c t  
m i x  c a n  be v a r i e d  t o  s u i t  v a r y i n g  m a r k e t  c o n d i t i o n s .  Most p r o b a b l y  
the n i t r o g e n  and s u l f u r  w i l l  g o  i n t o  f e r t i l i z e r s .  Most c a r b o n  
compounds w i l l  be u s e d  f o r  f u e l ,  b u t  some o f  t h e  h y d r o c a r b o n  by- 
p r o d u c t s  may be u p g r a d e d  a n d  s o l d  a s  raw m a t e r i a l s  f o r  p l a s t i c  
p r o d u c t  i o n  . 

S u b s t a n t i a l  c a p i t a l  i n v e s t m e n t s  a r e  n e c e s s a r y  b e f o r e  h e a t  and  
power c a n  be e n j o y e d  b y  c o n s u m e r s .  C o a l  m u s t  be l o c a t e d ,  s e p a r a t e d  
f rom the e a r t h ,  p r o c e s s e d  a n d  t r a n s p o r t e d .  H y d r o e l e c t r i c  power a l s o  
r e q u i r e s  l a r g e  i n v e s t m e n t s  f o r  t h e  p r o d u c t i o n  and t r a n s m i s s i o n  of 
e l e c t r i c i t y .  I n v e s t m e n t s  i n  h y d r o e l e c t r i c  power s y s t e m s  a r e  
c o n s i d e r e d  b y  many,  t o  be o n e  o f  the b e s t  h e d g e s  a g a i n s t  the 
i n f l a t i o n a r y  e r o s i o n  of the p u r c h a s i n g  power o f  the d o l l a r .  N u c l e a r  
power p l a n t s  a r e  s t i l l  more c a p i t a l  i n t e n s i v e  t h a t  s t e a m  o r  h y d r o  power 
p l a n t s ,  and  a l s o  c a n  b e  c o n s i d e r e d  a s  i n f l a t i o n  h e d g e s .  
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E n v i r o n m e n t a l  a n d  p o l l u t i o n  c o n s i d e r a t i o n s  i m p o r t a n t l y  e f fec t  45  
both the o p e r a t i n g  and  c a p i t a l  costs  of power p l a n t s .  T a b l e  o n e  
shows t h a t  the a d d i t i o n  o f  a n t i - p o l l u t i o n  e q u i p m e n t  t o  a c o a l  f i r e d  
e l ec t r i c  power p l a n t  i n c r e a s e s  the c a p i t a l  cost b y  37%. The c a p i t a l  
costs o f  a f u s i o n  n u c l e a r  power p l a n t  a r e  e s t i m a t e d  t o  be s l i g h t l y  
lower t h a n  those of a f i s s i o n  n u c l e a r  power p l a n t .  C a p i t a l  costs 
for  h y d r o g e n  p r o d u c t i o n  w i l l  r u n  p a r a l l e l  t o  c a p i t a l  costs f o r  
power p r o d u c t i o n .  Fo r  h y d r o g e n  p r o d u c t i o n ,  f u s i o n  e n e r g y  s h o u l d  be 
c h e a p e r  t h a n  f i s s i o n  e n e r g y .  

The i n p u t  r e q u i r e m e n t s  o f  t he  p l a n t  shown i n  F i g u r e  2 a re  
A p p a l a c h i a n  b i t u m i n o u s  coal ,  p u r e  w a t e r ,  and e n e r g y .  P u r e  w a t e r  and 
e l e c t r i c i t y  are a l s o  r e q u i r e d  f o r  the  p r o d u c t i o n  o f  d e u t e r i u m  w h i c h  
is the p r i n c i p a l  r a w  m a t e r i a l  for t h e  p r o d u c t i o n  o f  e n e r g y  b y  a t o n i c  
f u s i o n .  P i p e  l i n e  h y d r o g e n ,  a s  shown i n  F i g u r e  2 ,  is t h e  f i n a l  
p r o d u c t  o f  the h y d r o g e n  p r o d u c t i o n  p r o c e s s .  

I n  t he  u l t i m a t e  i d e a l  s i t u a t i o n  e v e r y o n e  w i l l  h e a t  h i s  h o u s e  
w i t h  pipe l i n e  h y d r o g e n ,  or w i t h  e l e c t r i c i t y  l o c a l l y  g e n e r a t e d  from 
h y d r o g e n .  T h i s  i d e a l  c h e a p  f u e l  a b u n d a n c e  h a s  b e e n  c a l l e d  a h y d r o g e n  
f u e l  economy. The p l a n t  i n v e s t m e n t  n e c e s s a r y  t o  f u e l  the f u r n a c e s  of 
American w i t h  h y d r o g e n  is enormous .  I t  w i l l  p r o b a b l y  t a k e  25 y e a r s  
t o  f i n d  enough  money t o  b u i l d  t h e  p l a n t  a n d  m i n i n g  f a c i l i t i e s  
n e c e s s a r y  f o r  the U n i t e d  S t a t e s  h y d r o g e n  f u e l  economy.  The  f i r s t  
commercial h y d r o g e n  p l a n t s  w i l l  b e  f o r c e d  t o  f i n d  m a r k e t s  f o r  t h e i r  
p r o d u c t  w h i c h  w i l l  be more l u c r a t i v e  t h a n  the s p a c e  h e a t i n g  which 
is r e q u i r e d  b y  the h y d r o g e n  economy. Examples  o f  s u c h  m a r k e t s  a r e  
p r o d u c t i o n  o f :  

a .  m e t h a n o l  for  m a n u f a c t u r e  o f  l e a d  f r e e  high o c t a n e  g a s o l e n e  
b .  h y d r a z i n e  for p e a k  power, p o l l u t i o n  f r e e ,  e lectr ic  f u e l  c e l l s  
c .  me thane  f o r  u p g r a d i n g  500  BTU c o a l  g a s  i n t o  1000 BTU SNG 
d .  s u l f u r  f r e e  f u e l  o i l s  f o r  p o l l u t i o n  f r e e  e lec t r ic  p l a n t s .  

A l l  n a t i o n s  who h a v e  the n e c e s s a r y  t e c h n i c a l  c a p a b i l i t i e s  a r e  
d i l i g e n t l y  w o r k i n g  on the problem o f  i n i t i a t i n g  n u c l e a r  f u s i o n  b y  
c o n c e n t r a t i n g  i n t e n s e  e n e r g y  from l a s e r s .  The a im is t o  i g n i t e  a 
t i n y  pellet  o f  h y d r o g e n  l i k e  m a t e r i a l  s o  t h a t  a micro H bomb e x p l o s i o n  
w i l l  r e s u l t .  If the e x p e n d i t u r e  o f  b i l l i o n s  of d o l l a r s  g u a r a n t e e s  
s u c c e s s ,  the U n i t e d  S t a t e s  s h o u l d  be the w i n n e r  i n  the w o r l d  w i d e  
a t o m i c  f u s i o n  s w e e p s t a k e s .  

F u s i o n  i g n i t i o n  e n e r g y  r e q u i r e m e n t s  a r e  v e r y  l a r g e .  A high  
t e m p e r a t u r e ,  high p r e s s u r e  l a s e r  s h o u l d  be c a p a b l e  o f  g e n e r a t i n g  
the r e q u i r e d  power levels. It o u g h t  t o  h a v e  a n  e f f i c i e n c y  o f  5C% 
and  b e  o f  the Exc imer  t y p e .  I t s  o u t p u t  s h o u l d  be i n  a w a v e l e n g t h  
a r e a  be tween  2000 and  10000 Angs t roms .  It is p r o b a b l e  t h a t  the 
s u c c e s s f u l  laser  w i l l  o p e r a t e  i n  the m i d r a n g e  or a t  a w a v e l e n g t h  
o f  a p p r o x i m a t e l y  300 n a n o m e t e r s .  The o u t p u t  o f  the l a s e r  s h o u l d  
be lo1’ w a t t s ,  and the l e n g t h  o f  t h e  o u t p u t  p u l s e  s h o u l d  be 10 
p i c o s e c o n d s .  Even w i t h  a n  o u t p u t  o f  t h i s  m a g n i t u d e ,  it w i l l  be 
n e c e s s a r y  t o  h i t  the d e u t e r i u m  pellet  w i t h  a n  a r r a y  o f  l a s e r s  
f i r e d  s i m u l t a n e o u s l y .  

F i g u r e  4 is a s c h e m a t i c  d i a g r a m  o f  a l a s e r  p r o p o s e d  f o r  f u s i o n  
i n i t i a t i o n .  E n e r g y  is i n j e c t e d  i n t o  the l a s i n g  t u b e  b y  a t r a v e r s e  
e l e c t r o n  a v a l a n c h e .  The power f l a s h  of the l a s e r  b r e a k s  the o u t p u t  
mirror, t h u s  a l l o w i n g  the high power p u l s e  t o  l e a v e  the l a s i n g  t u b e .  



The micro H bomb e x p l o s i o n s  w i l l  o c c u r  a t  25 or less p u l s e s  per 46 
s e c o n d .  A f t e r  e a c h  e x p l o s i o n  a new aluminum mirror o n  t h i n  p l a s t i c  
sheet w i l l  be p o s i t i o n e d  over the ex i t  por t .  The d i s t a n c e  be tween  
the t w o  l a s i n g  mirrors is t h e n  a d j u s t e d  b y  v a r y i n g  the g a s  p r e s s u r e  
on the u p p e r  mirror sheet u n t i l  correct f o c u s  is o b t a i n e d .  
C o h e r e n t  l i g h t  from t h e  l a s e r  is c o n c e n t r a t e d  onto the pellet  by  
f u s e d  s i l i c a  l e n s e s .  T h e s e  lenses a r e  m a i n t a i n e d  i n  a vacuum by  t h e  
shot c h a m b e r  vacuum s y s t e m .  The  s e c o n d  or lower mirror  i n  t he  l a s i n g  
t u b e  is f i g u r e d  i n  a b l a n k  w h i c h  c a n  be w a t e r  c o o l e d .  The opt ics  
o f  the lower mirro a r e  d e s i g n e d  t o  m i n i m i z e  damage t o  the mir ror ,  
and  t o  work w i t h  the c o h e r e n t  l i g h t  c o n c e n t r a t i n g  op t i c s .  

Hydrogen c a n  be p r o d u c e d  b y  the p r o p o s e d  photochemical p r o c e s s  
f o r  much less t h a n  the cost of e l ec t ro ly t i c  h y d r o g e n .  In a d d i t i o n  
the b r e a k  e v e n  p o i n t  f o r  gamma and n e u t r o n  r a y  h y d r o g e n  p r o d u c t i o n  
is a n  o r d e r  o f  m a g n i t u d e  b e t t . e r  t h a n  the f u s i o n  e l ec t r i c  power b r e a k  
e v e n  p o i n t .  

The c o n s t r u c t i o n  of a f u l l  s ize  AEC a p p r o v e d  d e u t e r i u m  p e l l e t  
f a c t o r y  s h o u l d  be i n i t i a t e d  a t  o n c e .  C o n c u r r e n t l y  c o n t r a c t s  for 
mode l  p r o d u c t i o n  a n d  t e s t i n g  o f  TEA UHP l a s e r s  s h o u l d  be l e t .  
Hydrogen  p l a n t  s i te  p r e p a r a t i o n  s h o u l d  be i n c l u d e d  i n  the c o n t r a c t  
t o  be p l a c e d  f o r  the c o n s t r u c t i o n  o f  a U.S. S t e e l  C lean -Char  c o a l  
g a s i f i c a t i o n  p l a n t .  I n  t h e  n e a r  f u t u r e ,  UHP l a s e r s  w i l l  be 
c o m m e r c i a l l y  a v a i l a b l e .  It would t h e n  be p o s s i b l e  to  p r o c e e d  
w i t h o u t  d e l a y  w i t h  the  c o n s t r u c t i o n  and o p e r a t i o n  o f  a l a s e r  f u s i o n  
h y d r o g e n  p l a n t .  

N o w  is t h e  t i m e  t o  p r o c e e d  w i t h  the c o m m e r c i a l  p r o d u c t i o n  of 
h y d r o g e n  from g a s i f i e d  c o a l  a n d  l a s e r  f u s i o n  a t o m i c  e n e r g y .  The , 
d e m o n s t r a t  i o n  h y d r o g e n  p l a n t  mus t  be b u i l t  close t o  c o a l  d e p o s i t s .  
Also it m u s t  be s i t u a t e d  on  the b a n k s  of a river w h i c h  w i l l  s u p p l y  
l a r g e  volumes o f  s o f t  w a t e r  f o r  a l l  1 2  m o n t h s  o f  e v e r y  y e a r  o f  the 
p r o j e c t e d  l i f e  of the p l a n t .  
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